Lonicera japonica THUNB. (Caprifoliaceae) is commonly used as an anti-inflammatory herbal medicine in China. 1, 2) We found that L. japonica produced in Henan and Shandong Provinces has the most potent anti-inflammatory effect.
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3) The herbs grown in these two provinces are recognized as geo-authentic and possess a higher content of therapeutically effective components in the flowers. 4) The ecological factors for the cultivation of geo-authentic L. japonica have been studied. 5) We attempted to classify the geo-authentic L. japonica by microscopic and chemical characteristics, but because these factors are not well-established, it was difficult to identify specific criteria to distinguish the geo-and non-authentic varieties of L. japonica. 6) Standardization of herbal products is important for safe and effective use. 7) Because herbal medicines are extracted from raw botanical materials, control of the sources of botanical material is the first step in quality assurance of herbal medicines. 8, 9) Recent developments in biological techniques, such as molecular genetic markers, allow for the identification of plant species through the detection of species-specific alleles. Compared to chemical constituents, genomic characters are stable for a certain plant species or population, and can be used as a marker for the discrimination of plant species or populations. 10) Our group has established speciesspecific PCR and PCR-RFLP methods to classify Fritillaria cihhosa and Fritillaria pallidiflora. 11, 12) However, authentication of the geographic origin of plants is difficult with molecular methods, because distinguishing sites in DNA sequences are hard to find.
In the present study, we found that a mutation site in the nuclear ribosomal DNA internal transcribed spacer (nrDNA ITS) region from geo-authentic L. japonica can be recognized by the restriction endonuclease EcoN I. Since the PCR products from geo-authentic L. japonica cannot be digested completely and some PCR products from non-geo-authentic L. japonica can be digested partially, a quantitative PCR-RFLP method to discriminate between the two populations is developed. The cleavage rate of PCR products by EcoN I was determined and correlated remarkably with the geographical origin of L. japonica. This method has been used successfully in distinguishing commercial herbs. (Fig. 1) . The flowers of L. hypoglauca (L2002028) were collected in Jiujian, Jiangxi Prov.; L. confuse (L2002031) was collected in Xupu, Hunan Prov.; L. dasystyla (L2002034) was collected in Guilin, Guangxi Prov. Crude drugs of L. japonia were purchased from three different pharmacies in Nanjing, Jiangsu Prov. (L2002046, L2002047, L2002048), Wulong, Chongqing Prov. (L2002049) and Guiyang, Guizhou Prov. (L2002050). Each specimen was morphologically identified by the authors and voucher specimens were deposited in the University Herbarium at the China Pharmaceutical University, Nanjing, China.
MATERIALS AND METHODS

Plant Materials
PCR Amplification and Sequence Determination of nrDNA ITS Region Three fresh or dried plant samples from each geographical area were analyzed. Genomic DNA was extracted from leaf and flower samples with the method of CTAB.
13) The primers, ITS-P1: (5Ј-CGT AAC AAG GTT TCC GTA GGT GAA-3Ј), and ITS-P2: (5Ј-TTA TTG ATA TGC TTA AAC TCA GCG GG-3Ј) were based on rice 14) The PCR amplification was performed in a total volume of 30 ml.
Discrimination of Lonicera japonica THUNB. from Different Geographical Origins Using Restriction Fragment Length Polymorphism Analysis
15) The PCR products were purified using the PCR Products Purification Kit (Watson Co., Shanghai, China) according to manufacturer's instructions. Sequences were determined using the purified PCR products and the two primers (ITS-P1, ITS-P2). Automated DNA sequencing was run on an ABI 3700 Sequencer (ABI, Italy) by United Gene Holdings, Ltd. (Shanghai, China).
Restriction Fragment Length Polymorphism Analysis Restriction maps of the nrDNA ITS regions from geo-, nongeo-authentic L. japonica, and L. hypoglanca were obtained using the program Primer Premier 5.0 (Premier Biosoft International, Palo Alto, CA, U.S.A.). After analyzing the restriction maps, EcoN I was selected as a suitable candidate for discrimination of the geo-and non-geo-authentic L. japonica. Digestions with EcoN I were performed in a total volume of 20 ml containing 5-10 ml PCR products, 2 Unit of enzyme, and 2 ml 10ϫR ϩ digestion buffer recommended by the manufacturer; incubation was at 37°C for 2 h.
Determination of RFLP Cleavage Rate PCR products digested by EcoN I were fractionated by a 2% agarose gel electrophoresis (5 V/cm, 40 min) and visualized by ethidium bromide staining under UV with Gel Doc 2000 gel documentation system (Bio-Rad, Hercules, CA, U.S.A.). Images were acquired and analyzed using Quantity One software. The DNA quantification conditions were as follows: quantification mode was selected as Detection Band; rolling disk size was 50 in Lane Background Substraction; sensitivity was 20; lane width was 5 mm; noise filter was 4.0; and report output was selected as Trace Quantity. Reproducibility of electrophoresis and PCR was determined using lambda DNA (Fermentas Inc., Hanover, MD, U.S.A.) and PCR products amplified with a template of geo-authentic L. japonica. Stability of RFLP was carried out by using both a geo-authentic L. japonica template and a non-geo-authentic template. PCR products were digested by EcoN I, and then loaded on agarose gel. After electrophoresis and scanning, all DNA peak areas, including digested and undigested bands, on the agarose gel were obtained. The cleavage rate was calculated by dividing the cleaved DNA peak areas (461, 247 bp) by total DNA peak areas (708, 461, 247 bp). The cleavage rates of geo-, non-geo-authentic L. japonica and other species were then determined. With the analysis method described above, five commercially sold L. japonica have also been assayed.
RESULTS AND DISCUSSION
Sequencing of nrDNA ITS Region and Restriction Map
Assay All template DNA was extracted with the method of CTAB, and purified by the Watson PCR Products Purification Kit (Watson Co., Shanghai, China). PCR products from three specimens of each L. japonica population, and L. hypoglanca were sequenced with primers ITS-P1 and ITS-P2. Sequencing demonstrated that the length of the PCR products was 708 bp for geo-authentic and non-geo-authentic L. japonica, and 709 bp for L. hypoglanca. The sequences of ITS1, 5.8S, and ITS2 regions were aligned and compared by using software Clustal X1.5 and Mega 2.0 (Fig. 2) . The percentage of GϩC in the ITS1, 5.8 S and ITS2 regions of L. japonica was 67.5%.
A comparison of the restriction maps of the PCR products indicated that the restriction endonuclease EcoN I could be used to differentiate the geo-authentic and non-geo-authentic L. japonica. According to sequence analysis, there is a single restriction site for EcoN I (CCTNN*NNNAGG) in the sequences of geo-authentic L. japonica (CCTCCCACAGG) that cleaves the PCR products into two fragments of 461 bp and 247 bp. However, there is no restriction site for this endonuclease in the sequences of non-geo-authentic L. japonica or and L. hypoglauca (correlative site CTTCCCACAGG) (Fig. 2) .
Reproducibility Assay Two point five microliters of lambda DNA (16.7 ng/ml) was loaded into each of the five wells. After electrophoresis, the agarose gel was scanned and the area of each DNA band was determined. The average area of lambda DNA was 113.6, and the relative standard deviation (RSD) of five detected lambda DNA areas was 2.7%. With one template from Fengqiu, Henan Prov., PCR amplification was repeated 5 times. One point five microliters of each PCR product was loaded on agarose gel, and the peak area of the single DNA band (708 bp) was obtained after electrophoresis. The peak areas were between 137.24 and 155.68, and RSD was 5.3%.
We performed RFLP assays by EcoN I using PCR products of geographic origin L. japonica samples. However, there was insufficient digestion in each sample. Digestion of PCR products from non-geo-authentic L. japonica and three other species from the Lonicera genus, showed that they almost cannot be digested by EcoN I. So, we established a method to determine cleavage rate: PCR products of nrDNA ITS region, which had been amplified with templates of the total DNA from geo-, non-geo-authentic L. japonica and other species, were digested with EcoN I. After electrophoresis, the agarose gel was scanned and analyzed using Quantity One software. All DNA fluorescing peak areas, including digested and undigested bands on the agarose gel, were determined. Then, the cleavages were calculated and the stability of RFLP was determined. For the PCR, a template of geo-authentic L. japonica from Fengqiu and a non-geo-authentic template from Nanjing were employed, and after being digested, the cleavage rates were obtained. Cleavage rates from 
japonica) and L. hypoglauca commercially sold herbs. We used the RFLP method described above to assay five crude drugs, labeled as L. japonica, which had been purchased from Chinese pharmacies. The results, shown in Fig. 4 , indicate that three samples purchased from different pharmacies in Nanjing, Jiangsu Prov. (cleavage rate: 72.2-79.7%) were geo-authentic L. japonica. While two other samples purchased from Wulong, Chongqing City (cleavage rate: 0%) and Guiyang, Guizhou Prov. (cleavage rate: 0%) were either non-geo-authentic L. japonica or another species of Lonicera genus.
In the present study, the reason for insufficient digestion of PCR products from geo-authentic L. japonica is not clear. Similar results have been reported in other studies.
16) It is possible that not all copies of nrDNA ITS regions of geo-authentic L. japonica have the same distinguishing base 'C' at the EcoN I restriction site because there are many copies of nrDNA in a set of chromatosome. 17) Nevertheless, this phenomenon should not influence the judgment of the identification results. All of our experiments have proven the reliability of this method. Vol. 30, No. 4 Upper half: Electrophoresis images and DNA markers in bp are indicated. Lower half: Cleavage rates of different samples and percentages (%) are indicated. 1, 2, 3 were purchased from three different herbal medicine stores in Nanjing; 4 was from Wulong; 5 was from Guiyang.
